Background. Advanced stage presentation of patients with is common in low-and middle-income countries (LMICs). A comprehensive analysis of existing delays and barriers in LMICs has not been previously reported. We conducted a systematic literature review to comprehensively outline delays and barriers to identify targets for future interventions and provide recommendations for future research in this field. Materials and Methods. Multiple electronic databases were searched using a standardized search strategy. Eligible articles were of any language, from LMICs, and published between
INTRODUCTION
Worldwide, it is estimated that 9.6 million people die from cancer annually, with 70% of these deaths occurring in lowand middle-income countries (LMICs) [1] . Cancer is now responsible for approximately 1 in 6 deaths globally, and the number of deaths continues to increase, particularly in LMICs. The higher proportion of patients with cancer in LMICs who have advanced stage disease at the time of diagnosis has led to a greater case fatality rate in LMICs compared with highincome countries (HICs) [2] .
The promotion of early diagnosis and access to treatment of cancer is a pillar of any country's comprehensive cancer control strategy. For example, patients with breast cancer who spend more than 3 months between symptom development and treatment have a 12% increased 5-year mortality rate compared with patients who waited less than 3 months [3] . Although questions remain on whether increased time to diagnosis and treatment of symptomatic cancer is consistently associated with poorer outcome, there is general acceptance in the value of early or timely cancer diagnosis. A large systematic literature review examined this question and concluded that there is evidence to support earlier diagnosis being associated with earlier stage diagnosis and improved survival for breast, colorectal, head and neck, testicular cancers, melanoma and, to a lesser extent, for pancreatic, prostate, and bladder cancers [4] .
In 2017, the World Health Organization (WHO) published the WHO Guide to Cancer Early Diagnosis to support the strengthening of early diagnosis programs around the world [5] . The document outlined cancer early diagnosis into three sequential steps: access to care, evaluation of disease, and access to subsequent treatment [5] . Each of these steps corresponds to an interval: presentation, diagnosis, and treatment, respectively. This provides a clear framework for cancer control programs to systematically address barriers that may impede timely cancer care at each step (supplemental online Fig. 1 ).
Prior to designing effective interventions that promote early diagnosis and access to treatment, it is necessary to understand current delays and barriers to timely care. The extent of varied time intervals in cancer diagnosis for different cancers and settings in LMICs is not well established. Furthermore, studies to date in LMICs have reported variable indicators that has limited comparison across sites [6] . Barriers to early diagnosis have been predominantly studied in HICs, where barriers such as poor health literacy have been associated with delays in presentation and diagnosis of symptomatic cancer (supplemental online Fig. 2) [7, 8] . Currently, it is unknown if these findings are translatable to LMICs.
Although research on delays in cancer care and their barriers have been reported in select LMICs, such information has not been collated and synthesized in a standardized cancer early diagnosis framework. A thorough review of data from LMICs allows for analysis of the overall landscape of delays in cancer diagnosis and access to treatment. Comparisons among LMICs by cancer types also allows for the identification of deficient research fields that exist. Previous literature reviews have been limited to single cancer types or specific geographical regions [9, 10] .
In this review, we conducted a systematic literature review aiming to (a) provide a comprehensive overview of existing cancer care intervals and barriers reported in current literature to identify targets for future interventions and (b) critique current reporting methods in literature from LMICs while providing recommendations for reporting of delays and barriers in future research. A baseline of cancer presentation, diagnosis, and treatment intervals and delays by cancer type studied will be described, as well as the common barriers that result in delays in cancer diagnosis. These findings will ultimately inform future research in cancer early diagnosis by identifying limitations in current literature and targets for intervention.
MATERIALS AND METHODS
This study was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guideline. This systematic review has been registered on the PROSPERO database (CRD42017083868).
Inclusion
We included any full text article that addressed delays in early diagnosis of any cancer, describing studies conducted in low-, lower-middle-, or upper-middle-income countries (collectively designated as LMICs), as defined by the World Bank based on per capita gross national income in 2016 [11] . Studies were required to contain either (a) defined or reported delay intervals in the diagnosis of any symptomatic cancer or (b) reported predictive factors or barriers that delayed early diagnosis of any symptomatic cancer.
Search for published reports was conducted in English, with no language restriction on published reports. Any article in a language other than English was translated using a webbased translation tool [12] . Searches were limited to studies conducted in LMICs. A search filter for LMICs was adapted from the Cochrane Effective Practice and Organization of Care, limiting each search to relevant studies. Date of publication was restricted to a recent 15-year period (January 1, 2002, to November 27, 2017) to emphasize the most relevant data available in this field that reflect the current situation in countries. Studies that evaluated cancer screening or the diagnosis of cancer in an asymptomatic population were excluded to distinguish this review's focus, early diagnosis, from screening. Only published original studies were included for analysis ( Fig. 1) . A full list of inclusion and exclusion criteria is presented in supplemental online Table 1a . eligible studies on the spreadsheet. Any disagreement regarding eligibility was resolved through discussion between the two reviewers and a third reviewer, A.I. After obtaining the full text of eligible studies, N.B. and L.Q. collectively inspected full texts for studies suitable for final inclusion. Relevant study data were abstracted onto a separate spreadsheet, with both N.B. and L.Q. reviewing all entered data for accuracy.
Information extracted on studies included details on country and WHO region in which the study was conducted, country income-level, study aim, methods, study population characteristics, study design (cross-sectional, qualitative, controlled intervention, cohort study, case series, pre-and post studies, or case control studies), tumor anatomical site, and results describing interval duration, predictive factors of delay, or barriers to cancer diagnosis. The WHO regions include African region (AFR), American region (AMR), East Mediterranean region (EMR), European region (EUR), Southeast Asian region (SEAR), and Western Pacific region (WPR). Details of the reported interval delays and barriers by type were recorded and compared with the framework described by the WHO Guide to Cancer Early Diagnosis [5] (supplemental online Figs. 1 and 2).
The types of intervals studied were summarized with descriptive statistics, according to time interval reported and measurement unit of delay interval used. These data were subanalyzed by type of cancer and country incomelevel. These intervals were compared by interval type, country income-level, and cancer type, using statistical t tests.
The types of barriers reported were summarized and presented as a frequency table. The barriers were compared according to cancer type, country income-level, and study design (qualitative or quantitative).
Interval Definitions
Because of their commonly reported frequency, the main types of intervals analyzed were (a) time from symptom(s) onset to presentation to the health system or health professional (first contact point; presentation interval), (b) time from presentation to confirmed diagnosis (diagnostic interval), and (c) time from confirmed diagnosis to commencing treatment (treatment interval). As we expected different time definitions of delay intervals across the included studies and different cancer types, we did not define delays as greater than a certain number of days.
Assessment of Study Quality
The quality of each study included in the review was assessed by N.B., L.Q., and A.I. and focused on participant selection bias, measurement bias, and control for confounding. Assessment of quantitative studies employed a tool developed by the U.S. National Heart, Lung and Blood Institute, whereas assessment of qualitative studies employed a tool from the Critical Appraisal Skills Programme [14, 15] . Study quality was grouped into three categories (high, intermediate, or low). Low quality studies were included in the Figure 2 heat map and supplemental online Table 4 but excluded from other analyses.
Data Analysis
Because of the heterogeneity in the data, smaller subanalyses were conducted using pooled data from studies that presented comparable data. Otherwise, a narrative synthesis was used to summarize the main findings. Descriptive statistics were calculated using Stata SE version 12 (StataCorp, College Station, TX). All studies included in the review were geographically mapped using R-3.4.0 (https://www.R-project.org/). The Wilcoxon rank sum test or the unpaired t test was used to test for differences in median interval lengths by cancer type and country incomelevel. The chi-square test statistic was used to evaluate differences in proportions of reported barriers by study design. All reported p values are two sided.
RESULTS
The search of six electronic databases yielded 10,193 abstracts, of which 1,003 duplicate abstracts were removed ( Fig. 1 ). Upon review of title and abstract, a total of 8,756 articles were determined ineligible, and an additional 54 were excluded because a published full text could not be found. After review of full texts and the manual addition of 58 bibliographic references, 301 manuscripts were finally included, with 316 study populations described. The primary reasons for article exclusion were (a) study did not assess barriers or intervals of care, (b) study site in HICs; (c) study focused on screening, or (d) study was not primary research. Upon study quality assessment, 189 were determined to be of high quality, 121 of intermediate quality, and 6 of low quality.
The geographical distribution of included studies revealed a widespread representation of LMICs across all six WHO regions ( Fig. 2 , supplemental online Table 2 ). Of the 57 LMICs represented, 14 were low-income, 20 were lower-middle income, and 23 were upper-middle income countries. Among countries that had at least one study included, there was a median of two (range, 1-32) studies published per country. The number and proportion of LMICs within each WHO region that had at least one study included in this review were 21 (44%) in AFR, 10 (40%) in AMR, 9 (43%) in EMR, 5 (26%) in EUR, 8 (73%) in SEAR, and 4 (20%) in WPR.
After excluding the six low-quality publications, the review included 96 studies addressing time intervals, 168 studies addressing barriers to cancer diagnosis, and 46 studies addressing both (Table 1 ). Subsequent analyses of interval duration included 142 studies and analyses of barriers to cancer diagnosis included 214 studies. Overall, the most frequently reported studies included in our review were cross-sectional in design (n = 260, 84%), conducted in upper-middle-income countries (n = 160, 52%), and focused on breast cancer (n = 127, 41%). Common cancers reported differed by WHO region; for example, AFR contributed 21 cervical cancer studies but only two head and neck cancer studies (supplemental online Table 3 ).
Time Intervals to Cancer Diagnosis
Altogether, 142 studies assessed one or more interval along the patient pathway to access cancer diagnosis and treatment ( Table 2 ). The presentation interval (time from symptom onset to presentation to a health care professional) was most frequently reported among all cancer types (n = 113, 80%). Fewer studies reported on intervals within the health care system after patient presentation, with 45 (32%) reporting on the diagnostic interval (time from first presentation to a health care professional to confirmed diagnosis) and 28 (20%) Brand, Qu, Chao et al. e1373 studies reporting on the treatment interval (time from confirmed diagnosis to commencement of treatment). This was especially apparent among studies of breast cancer and those conducted in low-income countries (LICs) ( Table 2 ).
The included studies used different metrics to measure delay intervals. The median interval in months was the most common metric reported (supplemental Table 4 ). However, 80 (33%) of the 246 intervals described in all studies that examined presentation, diagnostic, and treatment intervals reported a mean interval, despite its susceptibility to influence by outliers. This susceptibility was highlighted by the 18 studies that reported both median and mean presentation intervals. Among these studies, the mean interval was significantly greater than the median (5.45 vs. 2.05 months, p = .0002).
Median interval duration was analyzed by cancer type and country income-level ( Table 3 ). Studies of childhood cancers reported substantially shorter median presentation interval (0.5 months) compared with studies of breast cancer (2.2; p = .0244) and to all other adult cancers combined (2.0; p = .0097; Table 3 ). The diagnostic and treatment intervals were also shorter for childhood cancers compared with those of breast and other cancers combined, but these differences were not statistically significant.
Upon analysis of the median interval length by country income-level (Table 3 , supplemental online Fig. 3 ), LICs had significantly longer presentation intervals (6.5 months) compared with either lower-middle income (1.4, p = .0269) or upper-middle-income countries (1.0, p = .0056). Neither the diagnostic nor treatment interval were significantly different between LICs and lower-middle-income or upper-middle-income countries.
Barriers to Cancer Early Diagnosis
In total, 214 studies reported on nine categories of barriers to early diagnosis of cancer (Table 4 ). Studies examined health literacy for either the general community or health care professionals and reported knowledge of signs and symptoms, risk factors, and navigating health care services. Cancer stigma consisted of examining fear, shame, and embarrassment of cancer diagnoses from the patient to their family or community. Access to primary care included inability to obtain appointments with a health care professional and lack of transportation. This resonated with access to diagnostics and geographical limitations to 10, 193 Review of LMIC Delays and Barriers to Cancer Care e1374 treatment. Inaccurate diagnoses were often described as false reassurance given by health care professional, delaying eventual treatment. Poor coordination of care consisted of patients who were lost to follow-up after diagnosis or were not promptly referred for ongoing treatment. Financial barriers consisted of lacking health insurance and inability to afford imaging or subsequent treatment. Finally, sociocultural barriers included obstructive behavior from dominant family members, as well as opposition to opposite-gender examinations (i.e., male physicians performing breast examinations). Qualitative studies examining barriers generally consisted of smaller sample sizes and involved either randomly or purposely selected individuals undergoing focus group interview sessions used open-ended questioning. Qualitative studies tended to identify more barriers than quantitative studies, using predesigned questionnaires developed by the authors. A total of 97 cross-sectional studies quantitatively examined health literacy alone. These included sample sizes ranging from 35 to 122,058; convenient samples were often obtained for smaller sizes, and cluster sampling was used for larger sample populations. These questionnaires that often examined knowledge, awareness, risk factors, symptoms, investigations, and management were also employed for studies of health care professionals.
Health literacy was the most frequently reported barrier (n = 186, 87%), regardless of cancer type. The least frequently reported barrier was limited access to diagnostics [22] (10%). With the exception of health literacy, all other barriers were more frequently reported by studies of childhood cancers compared with other cancers. There was no obvious difference in barriers reported by country income-level (Table 4) .
Of the 186 studies that reported health literacy, 64 presented factors significantly associated with cancer knowledge using univariate or multivariate linear regression ( Table 5 ). All studies reported significance using a cutoff value of p < .05. Factors positively associated with greater health literacy were more years of formal education, having formal employment, increased income, urban residence, and a personal or family history of cancer. Age, sex, and marital status were reported as being not significantly associated with increased level of health literacy (Table 5 ).
DISCUSSION
This systematic review describes the current landscape of delays in presentation, diagnostic, and treatment, and the barriers to cancer care in LMICs. It presents the largest sample of published studies to date, investigating cancer care intervals and barriers in LMICs, with the largest number of cancer types and range of countries. The review described the published literature by cancer type, geographic region, country income-level, and detailed subgroup analyses of delay duration by type of interval, barriers to care, and factors associated with cancer knowledge.
This review demonstrates that delays are common during every step of the cancer care continuum, across cancer types and country income-levels. Although a fixed cutoff value for defining delays was not employed within our study, our findings feature values that may be compared among cancer types and country income-levels. This decision was made in accordance to recommendations to encourage analysis of continuous time interval data rather than dichotomized groups [6] . It may be noted that a target of 30 days per interval has generally been used in cancer program planning [16] .
Our review illustrates that, in LMICs, although more studies report on the presentation interval, the duration of the presentation, diagnostic, and treatment intervals are not substantially different from one another, highlighting the need to address delays at all steps in the patient pathway. This has significant policy implications: focusing on one strategy, such as increasing awareness, without addressing others may not significantly reduce overall delays. As a comparator with HICs, reported intervals for cancers amenable to early diagnosis interventions in Denmark have been recently described as median 9 days for presentation and 34 days for the diagnostic interval, for 13,921 and 20,195 patients analyzed, respectively [17] . This demonstrates a substantially reduced presentation interval compared with LMICs but a comparable diagnostic interval. In essence, presentation intervals may potentially be influenced more by country income-level.
Patient presentation intervals are significantly longer in LICs. However, our analysis is limited by the small number of studies from LICs (n = 3 for diagnostic interval and n = 0 for treatment interval). These findings suggest that studies focusing on diagnostic and treatment delays in LICs are profoundly needed, and targeted programmes that address health literacy, We found considerable heterogeneity in the metrics used by studies to describe the duration of intervals in the cancer care pathway. Although overall the most commonly reported interval is the median, a substantial number of studies report intervals using means. Our analysis of the subset of studies reporting median interval durations, although limited by the number of observations, is justified and informative based on allowing for high-level comparisons across studies, cancer types, and country income-level. Interpreting mean intervals, however, should be attempted cautiously, owing to their susceptibility to be skewed by outliers. This is highlighted in the comparison of the 18 studies that reported both a median and mean presentation interval, demonstrating the reported mean intervals were consistently longer than the median interval, where a few patients with long presentation interval affected the overall statistic. This suggests that vulnerable populations are subjected to prolonged intervals in accessing treatment. Furthermore, although the median of the median intervals for LMICs was approximately 1 month per interval, the interquartile ranges demonstrates that there is significant variability with some studies reporting median intervals of more than 4 months. Better understanding the differences between subpopulations in one study and populations between studies is an important research priority for targeted strategies.
To that end, our analysis of barriers to cancer care identifies particularly vulnerable groups at risk of delays, including patients who report lack of formal education, lack of formal employment, and rural residency. These findings emphasize the role of addressing social determinants which are essential to increasing cancer knowledge, improving cancer outcomes, and strengthening engagement with the health sector [18].
Setting a Research Agenda
From our review of all eligible peer-reviewed journal articles that describe delays in cancer care in LMICs and barriers that cause them, we have identified gaps in current knowledge and the need for further research. We propose three recommendations to guide the research agenda in LMICs.
Firstly, the recently published WHO Guide to Cancer Early Diagnosis outlines a framework for the reporting of cancer delay intervals [5] . The delay findings presented here indicate that cancer systems should emphasize the reporting of medians as they are less subject to the effect of outliers. Our review is the first to demonstrate its utility across cancer types and specifically in LMICs [19] . This review advises standardization of study reporting to allow for better data interpretation across studies [5] .
Secondly, our review demonstrates no significant differences in reported duration among the different intervals across cancer types in LMICs. However, there is a significant inequality in the number of studies that focused on barriers to cancer diagnosis or treatment, compared with studies of barriers to patient presentation. The lack of studies on factors associated with delays after patients present to the health care system should drive research examining health system barriers to access treatment. Future studies of barriers may also consider inclusion of qualitative or mixed methods to capture a wider range of barriers identified by patients with cancer and health care providers. As described in our review, qualitative study designs using in-depth interviews were able to obtain greater specific details regarding barriers through their use of open-ended questioning. However, the broad use of cross-sectional studies that employed a wide range of study methodology may benefit from standardizing survey designs, as well as sampling techniques. Future research may seek to adopt conceptual frameworks more widely such as the Theoretical Domains Framework and examine the role of validated surveys to streamline the collection of data relating to health system-related barriers [20] . Finally, our findings on the delay intervals in the cancer care pathway should be interpreted with global cancer incidence and mortality in sight. Although it is reassuring that high burden cancers in LMICs, such as cervical and breast cancers, were well represented in this review, there is a lack of other common cancers studied such as prostate, lung, colorectal, and stomach cancers [1] . Studies should address these underrepresented cancers to increase our understanding of high burden cancers that disproportionately affect LMICs.
Limitations
Our findings summarize published studies that reported heterogeneous data. Best efforts were made to summarize data with descriptive statistics and pooled analyses in preference over narrative syntheses. The published studies included were of different study designs, quality, and varying evidence levelranging from qualitative interviews to prospective cohort studies. Although a wide range of barriers was explored within our study, the commonly reported questionnaires used for causes of delays were not externally validated. This likely led to potential barriers not explored or missed. In addition, only 10% of the included studies were from LICs, despite LICs making up over 20% of LMICs. Both of these factors may affect the generalizability of our findings. Nevertheless, this review represents the largest collection to date of studies of delay intervals and barriers to cancer care indicators by cancer types and other study characteristics in LMICs.
Future Directions
Interventions that improve early detection of cancer will be able to address other noncommunicable diseases (NCDs) as well. Fragmented models of service delivery can be integrated into an NCD early diagnosis and treatment program. The analysis of these interventions should include the study of outcomes for other NCDs. Focusing on strong primary care services in LMICs can improve outcomes while reducing costs to individuals, communities, and the health care system [21] .
We emphasize the importance of standardizing the reporting of cancer care intervals and barriers in all cancers and across countries, to improve translation of research findings. Our review highlights gaps in LMICs data availability, as well as certain cancers that constitute significant burden of disease yet represent a small proportion of the published literature on these topics. Finally, more data are needed to examine how cancer early diagnosis programs can be integrated into primary care service delivery models and NCD prevention and control initiatives and to capture individual-level patient outcomes [22, 23] .
CONCLUSION
Although some countries and some cancer types have been represented, more studies are needed in LICs and on all high burden cancers, and greater efforts are needed to standardize the measurement and reporting of delay intervals. Nevertheless, we have presented the differences across cancer types and country income-levels. Future studies should identify effective interventions that address the barriers that may be responsible for causing delays in cancer diagnosis to improve patient outcomes. 
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